Here we present a combined experimental and theoretical study on the fragmentation of orthoand para-tetrafluorohydroquinone upon low energy electron attachment. Despite an identical ring-skeleton and identical functional groups in these constitutional isomers, they show distinctly different fragmentation patterns, a phenomenon that cannot be explained by distinct resonances or different thermochemistry. Using high-level quantum chemical calculations with the computationally affordable domain localized pair natural orbital approach, DLPNO-CCSD(T), we are able to provide a complete and accurate description of the respective reaction dynamics, revealing proton shuttling and transition states for competing channels as the explanation for the different behavior of these isomers. The results represent a "schoolbook example" of how the combination of experiment and modern high-level theory may today provide a thorough understanding of complex reaction dynamics by computationally affordable means.
Introduction
Low energy electrons are ubiquitous in nature and through resonant attachment they may cause destabilization, rearrangement and extensive fragmentation of large and complex molecular systems -processes termed dissociative electron attachment (DEA) 1 . Such processes play an important role in a variety of areas including radiation damage to biological systems 2,3,4 , nanofabrication using high-energy electron beams 5, 6 or extreme ultraviolet lithography 7 and in plasma processing 8 . Currently experimental studies on such processes are, however, mainly limited to their energy-dependency, efficiency, and fragment identification, though lately, studies on the angular dependency of the DEA process have been more apparent, enabled through recent instrumental development (see e.g., ref 9 and refs. therein). Detailed theoretical work of DEA has been pursued by a few groups where it has been found that a complete description of the attachment process requires inclusion of coupling of the electronic states to the free electron continuum to describe metastable states as well as accounting for nuclear dynamics 9,10,11 .
Quantum chemical calculations of bound anion potential energy surfaces are also commonly used to support interpretation of product formation in DEA based on the thermochemistry of the respective processes. Open-shell anions and anionic fragments in DEA processes, however, present challenges to contemporary quantum chemistry and the commonly employed density functional theory (DFT) methodology typically behaves better for closed-shell systems; there have been notable shortcomings of DFT methods for bond dissociation energies and electron affinities that involve radicals and open-shell anions 12, 13, 14, 15 . Coupled cluster theory, on the other hand, is capable of chemical accuracy (< 1 kcal/mol), including both radicals and anions, provided that a single determinant is a reasonable first approximation of the molecular wavefunction. The CCSD(T) method (coupled cluster singles doubles perturbative triples) has sometimes been referred to as the gold standard of quantum chemistry 16 . However, due to its severe scaling, O(N 7 ) with system size, traditional CCSD(T) calculations are simply not feasible for large systems and become out of reach even for moderately sized systems when used in combination with large and diffuse basis sets as required for a good description of anions. With the rise of local correlation approaches in recent years, the restrictive scaling of the CCSD(T) method has been dramatically reduced and is coming close to linear in these local correlation methods, while still capturing 99.9 % of electron correlation of the canonical method. In a previous publication on DEA to a π-(C 3 H 5 )Ru(CO) 3 Br metal complex 17 we found that both GGA and hybrid-GGA density functionals failed to give thermochemical thresholds in agreement with the experimental appearance energies, while for the approximate LPNO-pCCSD/2a coupled cluster method (using the older local pair natural orbital methodology, LPNO) this was not the case.
The domain localized pair natural orbital (DLPNO) approach by Neese and coworkers 18, 19, 20 has very recently become available for open-shell systems 21 approach, in combination with large and diffuse basis sets (aug-cc-pVTZ, aug-cc-pVQZ) extrapolated to the complete basis set limit (CBS), we are able to reveal distinct chemical barriers as an explanation for this curious behavior, presenting a "schoolbook example" of how the combination of experiment and current theory may allow for detailed understanding of complex reaction dynamics.
Methods
The experimental setup has been described in detail elsewhere 23 and we therefore limit our discussion to a brief description. The experimental setup is a high-vacuum apparatus where an electron beam, formed in a trochoidal electron monochromator crosses an effusive molecular beam. The solid samples are sublimed into the vacuum chamber through an inlet system maintained at 60 °C and the monochromator is held at a constant temperature of 120 °C. In the experiments, we assume the gas to be in thermal equilibrium to the inlet system. The base pressure for this setup is on the order of 10 -8 mbar and the working pressure was maintained at approximately 5 × 10 -7 mbar. Anionic fragments formed through DEA are extracted by a weak (∼1 V/cm) electric field towards a HIDEN EPIC 1000 quadrupole mass spectrometer (Hiden analytical, Warrington UK). The electron energy scale was calibrated with respect to the formation of SF 6 − from SF 6 at ≈ 0 eV and the incident electron energy resolution (120-140 meV)
is estimated from the FWHM of the SF 6 − signal. The compound p-TFHQ was purchased from Sigma-Aldrich (St. Louis, MO, USA) with a stated purity of 97 %. The compound o-TFHQ was purchased from Fluorochem (Hadfield, Derbyshire, UK) with a stated purity of 97 %. Both compounds are solids at room temperature and were used as delivered.
Quantum chemical calculations were carried out using the ORCA program 24 , version 3.0.3 (DFT calculations) and version 4.0.0 (coupled cluster calculations). ORCA interfaced with Chemshell, version 3.63 25, 26 was used for saddle-point searches, using the DL-FIND optimization program 27 in Chemshell and the nudged elastic band (NEB) method 28, 29, 30, 31 . Approximate saddle points were first found using NEB and then located more accurately by the eigenvalue-following method in ORCA and confirmed as first-order saddle-points by exact Hessian calculations. All geometry optimizations and saddle-point optimizations were performed using the B3LYP 32, 33, 34 hybrid density functional with the ma-def2-TZVP basis set 35, 36 (minimally augmented diffuse def2-TZVP basis set). All stationary points were confirmed by Hessian calculations at the same level and zero-point vibrational energy contributions were included in all reported energies.
Higher level single-point energy calculations were performed on B3LYP/ma-def2-TZVP geometries using the wavefunction theory method, DLPNO-CCSD(T) 18, 19, 20, 21 . Calculations were performed using aug-cc-pVTZ and aug-cc-pVQZ basis sets 37 and the HF energies and correlation energies were extrapolated to the complete basis set limit (CBS) using the automatic procedure in ORCA 38 . Quasi-restricted orbitals (QROs) 39 were used as a reference determinant from the UHF orbitals that reduces spin contamination in the coupled cluster calculations.
Results and discussion Reaction energies for all steps in Figures 2-4 included as Tables S1-S2 .
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